Endophthalmitis is a rare but severe form of ocular inflammation due to infection of the intraocular cavity that can lead to irreversible visual loss if not treated properly and timely. It can be classified as exogenous or endogenous based on the transmission route of the infectious source. Exogenous endophthalmitis occurs when infecting organisms gain entry into the eye via direct inoculation, while endogenous endophthalmitis occurs when infectious agents hematogenously spread into the eye from a distant focus of infection. The diagnosis of endophthalmitis depends mostly on the clinical findings on ophthalmological examination. Delayed diagnosis of endogenous endophthalmitis can lead to not only visual loss, but also increased risk of mortality. Since ocular and systemic symptoms of endophthalmitis are usually non-specific, early diagnosis relies on the alertness of clinicians. Early diagnosis and proper treatment are keys to saving the eye. Following advances in vitreoretinal pharmacotherapy and surgical technology, early surgical intervention is the current trend in the management of endophthalmitis.
Endophthalmitis is a rare but severe form of ocular inflammation due to infection of the intraocular cavity that can lead to irreversible visual loss if not treated properly and timely. Based on the transmission route of the infection, endophthalmitis can be classified as exogenous or endogenous. Exogenous endophthalmitis occurs when infecting organisms gain entry into the eye via direct inoculation, such as from intraocular surgery, penetrating trauma, or contiguous spread from adjacent tissues. Endogenous endophthalmitis occurs when infectious agents are hematogenously spread into the eye from a distant focus of infec-tion [1] . Endogenous endophthalmitis is generally less common than exogenous endophthalmitis, although the proportion of endogenous endophthalmitis ranged widely from 2% to 41% in different reports due to geographic, genetic, or alimentary factors [2] [3] [4] . In a British review of acute endophthalmitis, Krause et al. [4] reported that up to 41% of cases were endogenous. However, only 7.4% of 955 endophthalmitis cases were endogenous in a report from India [5] . In our review of 326 cases of endophthalmitis from 2002 to 2013 in a tertiary medical center in Taiwan, endogenous endophthalmitis accounted for 26.4% of all cases (unpublished data).
gram-negative bacteria, and fungus are among the frequently reported pathogens. In general, gram-negative organisms, especially Klebsiella pneumoniae (KP), are responsible for most cases of endogenous endophthalmitis in East Asia, whereas gram-positive organisms and fungi are the more frequent causative agents in North America and Europe [6] [7] [8] [9] . In recent reports, a rising trend of KP infection has been observed worldwide [10] [11] [12] . In Taiwan, the primary source of infection in endophthalmitis during the past 20 years has been KP liver abscess [13] .
There is no age or sex predilection in the incidence of endogenous endophthalmitis. Although it is caused by hematogenous spread, endogenous endophthalmitis tends to develop unilaterally, with the right eye more commonly affected, possibly due to the more proximal and direct arterial route from the heart to the right carotid artery. Several risk factors for endogenous endophthalmitis have been reported, including chronic metabolic diseases, immunosuppression, malignancy, intravenous drug abuse, longterm presence of an intracorporeal foreign body, and invasive surgery [13] [14] [15] [16] . According to a worldwide systematic survey of endogenous bacterial endophthalmitis, diabetes was the most common predisposing medical condition, and liver abscess was the most common extraocular focus of infection [17] . A possible association between absence of posterior vitreous detachment and severe endogenous endophthalmitis was reported in a case series [18] .
Ocular symptoms of endogenous endophthalmitis, including ocular pain, redness, swelling, and discharge as well as blurred vision and floaters, are non-specific and their occurrence depends on the severity and extent of infection. Panophthalmitis, a severe form of endophthalmitis, can involve tissue adjacent to the orbit, but the infected eye alone does not ever serve as the source of bacteremia or fungemia. The presence of bacteremia or fungemia indicates the possibility of other infective loci in the body. Even in patients with severe endophthalmitis, systemic symptoms are often non-specific and include malaise, nausea, loss of appetite or weight, abdominal discomfort, fever, chills, and rigor. Hence, in patients without obvious systemic infection, diagnosis of the systemic foci can be missed or delayed, and the patients are considered as having ocular disease alone, leaving possibly devastating disease, such as endocarditis and liver abscess, unrecognized. On the other hand, ocular signs and symptoms might be neglected in seriously ill patients. Whether routine ocular screening should be performed in patients with sepsis is controversial due to conflicting results regarding the incidence of endophthalmitis in septic patients [19] [20] [21] .
The diagnosis of endophthalmitis depends mostly on the clinical findings of ophthalmological examination. In the absence of ocular trauma or surgery, systemic investigations should be performed immediately to look for possible sources of infection or presence of malignancy such as retinoblastoma in children, leukemia, or intraocular lymphoma, which might masquerade as panuveitis. Imaging, including sonography or computed tomography of the abdomen, is helpful in identifying liver abscess. Testing for human immunodeficiency virus is necessary to rule out the possibility of opportunistic infections. The pathogen should be identified using microbiological or molecular techniques for staining and culture of specimens from the eye or bodily fluid (blood, urine, cerebrospinal fluid). Polymerase chain reaction is also helpful in supporting the diagnosis. Since ocular and systemic symptoms of endophthalmitis are typically non-specific, early diagnosis relies on the alertness of ophthalmologists and other physicians. Physicians should be advised to assess the eyes of septic patients, especially in those who are unconscious. Ophthalmologists should be aware that the eye can be the primary site of initial manifestation of major systemic infection. In our previous retrospective report including 602 patients with KP liver abscess, 19% (8 / 42) of patients with endogenous KP endophthalmitis first visited an ophthalmologist for ocular symptoms [15] .
Owing to the rapid progression and poor prognosis of endophthalmitis, treatment should be started empirically without waiting for laboratory confirmation. Treatment should typically be started with systemic broad-spectrum antibiotics combined with intravitreal injection of antibiotics (ceftazidime, 2.25 mg/0.1 mL; vancomycin, 1 mg/0.1 mL) or anti-fungal agents (amphotericin B, fluconazole, voriconazole). The use of steroids is controversial due to inconclusive results in the literature [22] . Topical cycloplegics, steroids, or hypotensive agents can be used as adjunctive therapy to ameliorate inflammation and pain as well as secondary glaucoma. Pars plana vitrectomy (PPV) is indicated for persistent inflammation, vitreous biopsy, or retinal complication. Owing to advancements in vitreoretinal technology, early vitrectomy is becoming increasingly common for pathogen removal and delivery of medication into the posterior segment, allowing greater preservation of useful vision [7, 23] . Over the last decade, there have been significant changes in the technology of vitreoretinal surgery. Compared to the traditional 20-gauge vitrectomy system, microincision vitrectomy surgery causes markedly less intraoperative bleeding and improves procedural efficiency. In addition, advanced illumination and wide-angle viewing systems allow clearer visualization of the fundus through opaque media caused by corneal edema and vitreous opacity.
The prognosis of endophthalmitis is generally poor [7, 9, 13, 15, 16] . KP infection and poor initial vision are significantly associated with poor visual outcome. Moreover, patients with KP endophthalmitis have worse visual outcome than those with non-KP endophthalmitis. Diabetes is more prevalent in patients with KP than in those with non-KP endogenous bacterial endophthalmitis, and patients with diabetes are more susceptible to developing metastatic infections arising from a KP liver abscess [13, 15] . Furthermore, diabetes is known to interfere with the chemotaxis of polymorphonuclear leukocytes and to impair phagocytosis of capsular serotype K1 or K2 of KP in type 2 diabetic patients with poor glycemic control [24, 25] . Results from an animal study showed that the diabetic ocular environment facilitates the development of endogenous KP endophthalmitis, possibly via increased permeability of the blood-retinal barrier [26] . In addition, the eye may be overrun with KP long before ocular symptoms or even systemic symptoms of liver abscess are observed. Results of our previous study suggested that the absence of diabetes is an important protective factor against undertreatment of endogenous endophthalmitis secondary to KP liver abscess [27] .
In addition to being the most common cause of endogenous endophthalmitis in Asia, KP is also a unique and leading cause of pyogenic liver abscess (PLA) in Taiwan. According to an analysis of nationwide health insurance data, 75.5% of PLA in Taiwan is KP related PLA, and the rate of endogenous bacterial endophthalmitis development in patients with PLA is 10-fold higher than the rate in those without (0.84% vs. 0.07%) [28] . Moreover, the clinical presentation of endogenous KP endophthalmitis varied greatly due to differing patient, pathogenic, and environmental factors ( Fig. 1A-1D ).
In comparison to endogenous bacterial endophthalmitis, fungal endophthalmitis is much rarer, with Candida and Aspergillus species being the most commonly reported causes [29] . Most cases of Candida endophthalmitis are endogenous and arise as a complication of candidemia. Risk factors for Candida endophthalmitis, which is most frequently caused by Candida albicans followed by Candida tropicalis, include presence of diabetes or neutropenia; use of an indwelling central catheter, total parenteral nutrition, broad-spectrum antibiotics, or steroids; and recent history of abdominal surgery or abortion. The majority of cases show typical clinical features, such as a creamy white, well-circumscribed lesion involving the retina and choroid in the posterior pole. Multiple satellite lesions can occur, creating a "string of pearls" appearance. Cases of pregnancy-related Candida endophthalmitis have been reported, highlighting its occurrence in healthy immunocompetent women [30] [31] [32] . The underlying cause might be increased vaginal fungal colonization during pregnancy due to hormonal changes.
Mold is another possible, though rare, cause of endogenous endophthalmitis. Mold-related endophthalmitis mostly occurs in patients who are severely immunocompromised or are drug abusers, and its diagnosis is frequently delayed due to concurrent critical systemic conditions, especially in cancer patients. Filamentary fungal endophthalmitis has been reported to be a strong risk factor for death in cancer patients [33] .
Exogenous Endophthalmitis
Exogenous endophthalmitis occurs when infecting organisms gain entry into the eye by direct inoculation, such as from intraocular surgery, penetrating trauma, or contiguous spread from adjacent tissues. Postoperative endophthalmitis is a detrimental complication following surgery and is classified as acute or chronic based on the interval between surgery and onset (≥6 weeks). Sources of infection in postoperative endophthalmitis include bacteria colonized on the patient's eyelid margin and conjunctiva, healthcare personnel, surgical instruments, solutions, and intraocular lens ( Fig. 2A-2C) .
The incidence of endophthalmitis after cataract surgery has been reported to range from 0.03% to 0.2% [34] . Serial studies from the Bascom Palmer Institute showed a decrease in incidence in the most recent series. The features and outcomes of endophthalmitis associated with clear corneal cataract surgery were similar to those reported in the Endophthalmitis Vitrectomy Study, which are associated with scleral incisions, but time to diagnosis was longer with clear corneal incisions [35] .
A systemic review of 148,643 vitrectomy cases reported an incidence of endophthalmitis of 0.046% [36] . Although endophthalmitis was one of the main initial concerns of sutureless microincision vitrectomy surgery, smaller gauge port sizes were not found to be a risk in recent series. An increase in risk for endophthalmitis has been reported with immunosuppression (odds ratio, 19.0; p = 0.001) and use of preoperative topical steroids (odds ratio, 131.4; p < 0.001) [37] .
With the advent of anti-vascular endothelial growth factor agents, intravitreal pharmacotherapy has become increasingly common. Both infectious and non-infectious endophthalmitis have been reported after intravitreal anti-vascular endothelial growth factor treatment. A meta-analysis including 14,886 intravitreal procedures published in 2004 showed that the incidence of endophthalmitis was 0.2% per injection and 0.5% per eye [38] . However, a recent large series found the incidence of endophthalmitis per injection of anti-vascular endothelial growth factor agent to be very low and in the range of 0.05% or less [39] . The updated standard aseptic procedure, which includes use of a surgical mask, 5% povidone-iodine solution, and an eye speculum, has helped to reduce the risk of infection related to intravitreal injections. Standard sterilization technique in an operating room with laminar air flow was associated with an even lower rate of endophthalmitis of 0.0074%, as reported by a joint survey of three European sites [40] . There is no evidence supporting the benefit of antibiotic prophylaxis in preventing endophthalmitis after intravitreal injection [41] .
Many of the current treatment guidelines originate from the Endophthalmitis Vitrectomy Study, a randomized, multicenter clinical trial that treated patients with bacterial endophthalmitis with intravitreal vancomycin and amikacin; subconjunctival vancomycin, ceftazidime, and dexamethasone; or systemic corticosteroids [42] . The study reported a benefit from PPV only in eyes with visual acuity of light perception. Some treatment concepts have changed since the Endophthalmitis Vitrectomy Study was pub- 
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lished. Intravitreal amikacin is now avoided due to the risk of aminoglycoside toxicity. Antibiotics with broad-spectrum coverage of gram-positive and gram-negative organisms should be started before the results of culture are confirmed. Intravitreal treatment with ceftazidime and vancomycin is currently preferred. Microincision vitrectomy surgery minimizes manipulation of the conjunctiva and causes less intraoperative bleeding and patient discomfort in an inflamed eye compared to standard 20-gauge vitrectomy. Similar to the management of endogenous endophthalmitis, surgical intervention tends to be performed early, and early vitrectomy is the trend in the management of exogenous endophthalmitis. A procedure that combines limbal-based vitrectomy and PPV can facilitate removal of anterior chamber fibrin and hypopyon, allowing safe and optimal posterior vitrectomy [43] . Removal of the intraocular lens or the entire capsule might be necessary in refractory cases. The incidence rate of post-traumatic endophthalmitis following open-globe injury has been reported to be 0% to 16.5%, and risk factors include a retained intraocular foreign body, lens rupture, and delayed repair [44] . The causative microorganisms are derived from either the normal flora surrounding the eyelid area gaining entry after a delay in primary wound closure or are carried into the wound by contaminated injury-causing objects. Prophylactic treatment, including intravitreal antibiotics, systemic broad-spectrum antibiotics, and topical antibiotics, is recommended in high-risk open-globe injuries. Early wound closure and comprehensive antibiotic treatment can improve visual acuity outcome. Concurrent retinal detachment with endophthalmitis can be successfully managed with vitrectomy and intravitreal antibiotics along with a long-acting gas or silicone oil tamponade.
Exogenous endophthalmitis caused by fungus is less common than that caused by bacteria. Exogenous fungal endophthalmitis results from direct inoculation of fungus into the eye, and mostly occurs after eye surgery or trauma or due to extension of fungal infection of the cornea (termed "fungal keratitis" or "keratomycosis"). Although previous reports have suggested that mold was the most common causative agent for exogenous fungal endophthalmitis, a recent report from Korea showed that Candida species were the most common causative organisms [45] [46] [47] . The discrepancy might be due to differences in the immune status of the patients, pattern of trauma, or spectrum of keratitis. Geographic and environmental factors might also play a role, as molds are more common in tropical regions. Moreover, recent outbreaks of fungal endophthalmitis associated with contaminated compounded brilliant blue G and triamcinolone have been reported [48] . Management of exogenous fungal endophthalmitis depends on the general condition of the patient and has evolved with improvements in modern vitreoretinal surgical techniques. The combination of PPV and intravitreal antifungal agents has been the most common treatment method for fungal endophthalmitis. Removal of foreign materials, including the intraocular lens, might be necessary in refractory cases. The prognosis of fungal endophthalmitis is usually dismal, but hopefully will improve with the availability of newer generation antifungal agents such as voriconazole.
Conclusions
Endophthalmitis is a significant eye disease that can cause devastating consequences. The prognosis is usually extremely poor, even with prompt diagnosis and treatment. Thorough evaluation of clinical presentation, systemic symptoms, and history is essential to the diagnosis of endophthalmitis. Most importantly, ophthalmologist awareness of and alertness to the disease are critical. Laboratory examinations are important adjuncts, especially in immunocompromised patients. Early diagnosis and proper treatment of endophthalmitis are keys to saving the eye and possibly the life of the patient.
